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H NMR and 13 C NMR spectra were obtained on a 300 MHz Bruker AV 300. Rheology test was done on a Haake Rheo Stress 6000 (Thermo Scientific), with cone-and-plate geometry (1°/20 mm) at the gap of 370 μm. Transmission electron micrographs (TEM) were obtained on a JEOL 2100 high resolution transmission electron microscope, operating at 200 kV. The samples were prepared as following: a copper grid coated with carbon was dipped into the suspension and placed into a culture dish. Real-time PCR was performed using the SYBR Premix Ex Tag kit (TaKaRa Biotechnology, Otsu, Japan) and an ABI 7500 Sequencing Detection System (Applied Biosystems, Foster City, CA, USA) according to the manufactures' protocols.
Cell culture
Bone marrow derived monocytes/macrophages (BMMs) were isolated from the bone marrow of C57BL/6 mice and cultured in a T-75 flask, supplemented with α-MEM containing 10% FBS, 1% penicillin/streptomycin and 30 ng/mL of macrophage colony-stimulating factor (M-CSF) in a humidified atmosphere of 5% CO 2 at 37 °C for 4 days.
Cell viability assay
The effect of compounds on cell viability was assessed by Cell Counting Kit-8 (CCK-8) assay. Generally, CCK-8 reagent was added to each well for 1 hour before the endpoint of incubation. The optical density (OD) at 450 nm in each well was determined by a microplate reader. Experiments were repeated at least three times with each time in triplicate.
In vitro osteoclastogenesis assay
The BMMs were seeded in 96-well plate at a density of 8000 BMMs/well in the presence of 30 ng/mL of M-CSF, 100 ng/mL of RANKL and different concentrations of compounds as indicated. In addition, the S3 cells were also treated with different doses of compounds at day 1 (early stage) or day 3 (late stage) during osteoclastogenesis. Fresh cell culture medium was replaced every 2 days until mature osteoclasts formed. For TRAP staining, the cells were washed twice with phosphate-buffered saline (PBS), fixed with 4% paraformaldehyde for 20 min and stained using the TRAP kit. TRAP-positive cells with more than three nuclei were determined as osteoclasts.
RNA extraction and quantitative PCR assay
The sequences for the relevant primers are as followings: cathepsin K forward, 5′-CTTCCAATACGTGCAGCAGA-3′; cathepsin K reverse, 5′-TCTTCAGGGCTTTCTCGTTC-3′; TRAP forward, 5′-CTGGAGTGCACGATGCCAGCGACA-3′; TRAP reverse, 5′-TCCGTGCTCGGCGATGGACCAGA-3′; V-ATPase-d2 forward, 5′-AAGCCTTTGTTTGACGCTGT-3′; V-ATPase-d2 reverse, 5′-TTCGATGCCTCTGTGAGATG-3′; V-ATPase-a3
forward, 5′-AATCATGGACGACTCCTTGG-3′; V-ATPase-a3 reverse, 5′-GGCCACCTCTTCACTCCGGAA-3′; NFATc1 forward, 5′-CCGTTGCTTCCAGAAAATAACA-3′; NFATc1 reverse, 5′-TGTGGGATGTGAACTCGGAA-3′; GAPDH forward, 5′-ACCCAGAAGACTGTGGATGG-3′; GAPDH reverse, 5′-CACATTGGGGGTAGGAACAC-3′.All reactions were run in triplicate. Bax: Forward, 5'-TCATGAAGACAGGGGCCTTT-3'; Reverse: 5'-GTCCACGTCAGCAATCATCC-3'; Bcl2: Forward, 5'-CTTCAGGGATGGGGTGAACT-3'; Reverse: 5'-CAGCCTCCGTTATCCTGGAT-3'.
In vitro bone absorption assay
BMMs were seeded at a density of 8 × 10 3 cells/well on bovine bone slices in 96-well plate, supplemented with 30 ng/mL of M-CSF, 100 ng/mL of RANKL and different doses of compounds as indicated. When mature osteoclast formed, adherent cells were removed from the bone slices. Bone resorption pits were imaged using a scanning electron microscope (SEM, FEI Quanta 250; FEI, Hillsboro, OR, USA) and the percentage of bone resorption area was quantified using Image J software. Table S1 . HPLC condition for the purification of Pami-D and Alen-D. 
